The aim of this study was to synthesize and characterize Zinc oxide nanoparticles (ZnO-NPs) prepared by precipitation method. Zinc nitrate and sodium hydroxide was used as starting materials with biopolymer pectin as capping agent. ZnO-NPs were synthesized at three levels of temperatures (60, 80 and 100 °C) without or with calcinations (500 °C). Particle size analyzer (PSA) analysis results showed that the samples without calcination (T60, T80 and T100) having an average particle size respectively 105.13, 78.53, and 76.43 nm, whereas at the samples by calcination (T60C, T80C and T100C) each have average particle size of 88.73, 44.30 and 543.77 nm. The results showed that preparation of ZnO-NPs by using heating at 80 °C followed with calcinations at 500 °C (T80C) produced the smallest size. T80C samples further were analyzed using XRD, SEM and the antimicrobial activity compared with the ZnO-NPs commercials. XRD analysis confirmed that ZnO-NPs were successfully obtained and have form of pure nanostructure. SEM analysis showed that ZnO-NPs obtained has a spherical shape. Furthermore, this ZnO-NPs (T80C) has a better antimicrobial activity compared than commercial ZnO-NPs in market.
INTRODUCTION
Nanotechnology is a new technology, which can bring a new revolution in every field of science [1] . It has been widely applied in many industrial sectors including pharmaceuticals [2] , textiles [3] and packaging [4] [5] as well as in food packaging. Nano-based food packaging possessed some advantages such as extension of shelf life, antimicrobial packaging and interactive packaging [6] . Nanotechnology associated with nanoparticle aggregates of atoms or molecules characterized with a size less than 100 nm [7] .
Zinc oxide (ZnO) in form of white powder is insoluble in a neutral solution, but it can be dissolved in an acid and alkali solution. ZnO compounds are classified as GRAS by the FDA [8] . Zn intake recommended by the FDA for an adult humans ranges 8-13 mg/kg of body weight depending on gender and health condition.
ZnO in nano size (ZnO-NPs) can inhibit the growth of Staphilococcus aureus, Listeria monocytogenes, Salmonella Enteritidis, Escherichia coli, Botrytis cinerea and Penicillium expansum [9] [10] . This compound is stronger antibacterial than other oxides like MgO, TiO 2 , Al 2 O 3 , CuO and CeO 2 [10] . Arabi et al. [11] reported that interaction between ZnO and specific compounds like phosphorus and sulfur in DNA leads to destruction of cellular activities, i.e. replication and protein metabolism, thus preventing bacterial growth and multiplication. Moreover, ZnO induces the formation of hydrogen peroxide as a reactive oxygen species (ROS) that can interfere the microbial organelle. Antimicrobial effect of ZnO-NPs is depended on particle size, smaller the particle size stronger the antimicrobial effect [12] .
There some techniques to synthesize ZnO-NPs, one of these is precipitation technique. This technique has many advantages i.e. more controllable, reproducible and the size of particle obtained can be control easily. The particle size is probably influenced by temperature and capping agent, the capping agent is used to prevent agglomeration between NPs [13] . Temperature and calcination process also affects the formation of ZnO nanoparticles [14] [15] . At the hightemperature calcination obtained spherical shaped ZnO particles, a decrease in aggregate size and the crystalline nature of the ZnO-NPs increased [16] . Moharekar et al. [17] explains that the ZnO-NPs were synthesized by using a capping agent pectin having antimicrobial effectiveness is better than not using a capping agent.
In precipitation technique, chemical synthesis of NPs is performed by adding adjusted concentration of reducing agent such as ascorbic acid, sodium hydroxide and sodium borohydrate to to raw material solution. To achieve reproducible size and stable nanoparticles, trial experiments are required [18] . Alwan et al. [19] reported that the synthesis of ZnO-NPs with precipitation technique using hydrogen peroxide as reducing agent resulting a pure ZnO-NPs with a size of 58.3 nm and a spherical shape. The chemical reaction of ZnO nanoparticles formation using sodium hydroxide as reducing agent can be shown below:
Zn(NO 3 
Instrumentation
Particle size analyzer (PSA), X-Ray Diffractometer (XRD), Scanning Electron Microscope (SEM).
Procedure

Synthesis of ZnO nanoparticles
0.2 M Zinc nitrate and 4 M NaOH solution was prepared by dissolving zinc nitrate tetrahydrate (Zn(NO 3 ) 2 ·4H 2 O) and NaOH respectively, in demineralized water. To make ZnO nanoparticles, 25.0 mL of the alkali solution (4 M NaOH) was dropped by pipette into a 25 mL of 0.2M Zn(NO 3 ) 2 solution with stirring. Still under stirring demineralized water was added to the mixture solution until reach a pH of 13. At this condition, a capping agent (pectin) was incorporated to the mixture, that to be heated at three different temperature levels (60, 80, and 100 °C) for 2 h. After heating, this solution was cooled to ambient temperature and centrifuged at 3000 rpm for 15 min. The obtained precipitate then washed by adding demineralized water and repeat centrifugation procedure. The clean precipitate then dried at 105 °C for over 5-6 h. ZnO-NPs powder then treated by calcinations in the furnace at a temperature of 500 °C for 5 h.
Characterization of ZnO nanoparticles
ZnO-NPs powder obtained were then characterized by using Particle Size Analyzer (PSA) Beckman Couter Delsa Nano. ZnO-NPs powder was dispersed in demineralized water and put into a cuvette and analyzed at wavelength of 568 nm. ZnO powder which has the smallest size will be analyzed using XRD and SEM. X-ray diffraction pattern of ZnO NPs was recorded using an X-ray diffractometer (XRD GBC EMMA series) using Cu Kα (1.5406 Ǻ) radiation in the scan range 2θ = 20°-80°. Spectra analysis results can be used to determine the nanostructure of the sample. Morphology of the ZnO-NPs were investigated using scanning electron microscope (SEM Zeiss EVO MA10) with magnification range 5000-20000, resolution 200 Ǻ and acceleration voltage of 11kV. The sample has been coated with gold before observation.
Antimicrobial assay
The antimicrobial activity of ZnO-NPs committed against gram-positive bacteria (Bacillus cereus ATCC 16404 and Staphylococcus aureus ATCC 25923), Gramnegative bacteria (Eschericia coli ATCC 25922 and Salmonella typhimurium ATCC 14028), yeast (Saccharomyces cerevisiae ATCC 9763), and fungi (Aspergillus niger ATCC 16404 and Fusarium oxysporum (local isolate)). Test cultures prepared with inoculated one loop pure cultures (NA and PDA) into a liquid medium (NB and PDB) aseptically. Test cultures were then incubated for 24 h at 37 °C. Antimicrobial activity was evaluated using agar well diffusion method [20] , plate count method [21] and contact method [22] .
RESULT AND DISCUSSION
Particle Size Analysis
ZnO-NPs was formed at temperature 60 °C, 80 °C and 100 °C, with and without calcination process. Non calcinations synthesis at 100 °C produced the smallest NPs size (average 76.43 nm), while the smallest size of NPs with calcinations (average 44.30 nm) occurred at 80 °C (Table 1) .
At this method, temperature has an important role in reducing the particle size. In the treatment without calcination, the higher temperature accounts for smaller nanoparticles. This pattern also occurs in the treatment with calcinations, except a temperature of 100 °C. This exception may be due to aggregation that occurs too fast. Kumar et al. [23] reported that at high temperatures can cause the small size of the NPs coalescence to form larger NPs. Decrease the size of crystallites and particles become smaller causing easy occurrence of agglomeration [24] .
Radzimska and Jesionowski [25] reported that the particle size of ZnO-NPs synthesis using precipitation method is influenced by temperature, duration of calcination, and concentration of raw materials. In the sample T80C has a value of polydisperse index (PI) at 0.33. PI values below 0.7 (70%) showed an accurate measurement and indicates the particle size distribution is narrower [26] . Narrow size distribution indicates a more uniform particle size. Table 2 shows the particle size measurement and PI for ZnO-NPs Commercial 1, ZnO-NPs Commercial 2 and ZnO-NPs T80C. ZnO-NPs Commercials have a larger size than the NPs T80C. Moreover, there is a considerable dissimilarity between claimed size and measured size. The difference may result from effect of storage period which leads to the aggregation. NPs have the possibility of larger aggregation during storage and transport [26] . Commercials NPs PI value is greater than NPs T80C PI, which means having a size range larger than NPs-T80C PI.
Results of statistical analysis using the one-way ANOVA with 95% significant level indicates that the calcination and temperature has the effect of particle size on the synthesis of ZnO NPs. Results of statistical analysis showed that the sample was significantly 
Nanostructure analysis
XRD analysis is used to determine the fingerprint which is typical of crystal structure. X-ray crystal structure by XRD detects the distance between atoms in some angle. XRD spectra results such diffraction peaks are then compared with the reference standard in the database.
XRD patterns ZnO-NPs T80C is presented in Fig.  1 . All diffraction peaks ZnO-NPs T80C indicate wurtzite structure of hexagonal phase ZnO crystal in accordance with the American Mineralogist Crystal Structure Database no. 5203 [27] . The diffraction peaks Muhammad Fajri Romadhan et al. The sharpness of the diffraction peaks shows that nanoparticles formed has a good crystallinity [28] . No other peaks were detected, diffraction peaks of crystalline ZnO NPs-T80C indicate that NPs are formed has a high purity level [29] . Residual pectin as a capping agent is not found in the XRD spectra because organic substances is reduced and disappear in the calcination process.
Morphology and Size Analysis
SEM analysis is used to determine the external morphology (structure) and size of the crystal particles. At a magnification of 20000x visible morphology ZnO-NPs tends to spherical shapes ( Fig. 2a ). Sign 'x' in the Fig. 2a shows aggregated NPs conditions. Single NPs indicated by signs 'y' are estimated to have a size less than 100 nanometers when compared with the scale. ZnO-NPs Commercial 1 has the form of spherical particles, whereas ZnO-NPs commercial 2 has a rod shape ( Fig. 2b and 2c ). Both of commercials NPs having a particle size larger than T80C ZnO-NPs. Differences in shape, size and spatial structure of the particles may be caused by differences in the method of synthesis of ZnO-NPs [25] .
Antimicrobial Assay
Antimicrobial activity of all samples (ZnO NPs T80C, ZnO-NPs Commercial 1, ZnO-NPs Commercial 2) was examined using agar well diffusion method, plate count method and contact method. Table 3 shows the results of microbial inhibition using agar well diffusion method. This result showed that clear zone is only occur on S. aureus, and did not present in other microbes tested. These results are slightly different from those obtained by other studies. Narayanan et al. [20] reported that the clear zone is also formed on the testing of E. coli, Klebsiella pneumoniae and Enterococcus faecalis. In this study ZnO-NPs Commercial 1 has the largest inhibition zone compared to other ZnO samples. The presence of clear zone indicates that the ZnO-NPs have meaningful antimicrobial properties (Fig. 3) . To determine the antimicrobial properties of ZnO-NPs, a further test using plate count method for antibacterial activity and contact method for antifungal activity were performed.
The number of microbes that can survive after treatment by ZnO-NPs using plate count method were presented at Table 4 . The control, ZnO-NPs Commercial 1, and ZnO-NPs Commercial 2 have higher total number of viable bacterial tested than ZnO T80C. This indicates that ZnO T80C possesses the most effective antimicrobial effect.
Muhammad Fajri Romadhan et al. In addition, the antimicrobial activity test results showed that the ZnO-NPs can be useful as a broad spectrum of antimicrobial. Narayanan et al. [20] reported that the antimicrobial effect of the ZnO-NPs increased at a smaller particle size. The present work successfully confirms the correlation between particle size and antimicrobial effects as previously reported in other studies [12, [30] [31] .
Contact method was used to measure the effectiveness of NPs as an antifungal. Antifungal activity can be observed from the diameter of fungal growth on the media treated by ZnO-NPs. In Fig. 4 shows that the antifungal activity for A. niger are the most effective is the ZnO-NPs Commercial 1. Antifungal activity the most effective for F. oxysporum is the ZnO NPs T80C (Fig. 5 ).
Diameter growth of A. niger in media treated fairly quite large when compared to the diameter of F. oxysporum. A. niger has a mechanism of adaptation to cell wall stress given by forming more thick layer of chitin in their cell walls [32] . Antifungal activity of ZnO-NPs can be seen by comparing control and samples.
CONCLUSION
ZnO nanoparticles was successfully synthesized using precipitation method with NaOH as reducing agent. Characterization XRD showed that the method formed ZnO-NPs with desired purity. Best nanoparticle size was obtained at temperature of 80 °C and calcined with average particle size of 44.30 nm and uniform particle size (confirmed by PSA). Based on SEM analysis, morphology ZnO-NP T80C has a spherical shape and size smaller than the commercial NPs. Antimicrobial Test on NPs T80C showed excellent inhibitory effect, suggesting that it could potentially be used as a promising antimicrobial agent.
